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REMOTE DETECTION CF POLLUTION OF WATER RESERVOIRS
AND PHEYTOPLANKTON BY OPTICAL METHODS

K.Y¥a. Kondrat'yev, A.A, Buznikov, and D.V. Pozdényakov
Leningrad State University

One of the consequences of the ever-growing amount ¢f present- /65%
day industrial production is the progressive polluticn of the
Earth's water reservoirs. The mest serious sources of pollution
are the dumping of industrial waste and discharge of 0il and
petroleum products. The scale of water polluticn by oil has
already become guite considerable [13]. The most serious pollution
arises as the result of insignificant, in each conerete case, but
exceedingly numerous losses of o0ll products by vessels and tankers
when refueling, unloading, cleaning and other practical operaticne.
Apart from this, 23 a result of heavy damage ci variocus kinds and

nipwrecks, approximately 1,000,000 tons of oil are discharged into
seas and oceans each year. (One very serious source of pollution
can somefimes be 0il wells at sea. Hence during the gushing of &
well in the Santa Barbzra channel (Southern Galifornia) in 1959,
appreximately 500,000 tons of crude o1l were discharged. 011 is
being spilled ¢ver large areas of water surfaces and is a serlous

threat Lo the bhiosphere on account of its toxilcity.

The results of dumplng inte rivers, lakes and other reservoirs
sf untreated water, which contains chemical active substances (for
example, nitrogen compounds) lg stimulating the reproduction of

hytoplankton. TEixcessive content of fthe latter in slow-flowing
reservolrs brings asboub 2 depleticon of thelr waters with dissclved
crygen and the gradual dezth of underwater forms of life. At the
cresent time, apparently, no exact flgures are known which show
the extent of this type of pollution, however the problen is
. .

usly a serious one.

o
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The last few years have been characterized by intensive search
for finding a method for preserving water resources. Actlive bicoe
logicael inhibitors are being developed; which slow down the reproduc-
tlon of phytoplankton, CaGo3, polyurethane and dispersing agents
for cleaning up the results of oil and petroleum product leakages
are being used [13]. However, the efficiency of these messures,
to a large extent, deperds on whether they are used in good time.

In this regard, the development of methods and means for the
detecticn and localizaticn of this type of pollution on water 1s

becoming more important.

It must be recognized that remote aerial and space (satellite)
rethods are most promising. In these methods they rely on the use
of one or ancther physical properties of ohjects undergcing research,
which ferm a contrast with the similar properties of a pure water

surface,

“he present review is devoted to the study of pessibiliities
for using optical characteristics of the system: oil-water and
phytoplankton-water for the remote detection of polluticn ard
phytoplarkfon. Let us note that the problem of phyteoplankton
in seas and cceans is of interest in a completely different aspect iéé
than shown above. The evaluation of content of phytoplankton in
seawater is very important when lecoking for snoals of fish in

areas where there Is an intense phytoplankton production [27.

The hesic propertlies of surface lavers cf polliuted reservoirs.
Experimental fests have shown [9] thet, when there are large

spiliages of 0ll on & water surface, at first a layer is formed
spproximately 2 cm thick, which afterwards gradually spreads to
a film (1C-100) um, the thickness of which 1e determined by the

egquilibrium of the oil on the surface of the water

F =Yy = Yo = Yosus

[A%]



where F is the strength of oll spread, Yo 1z the surface tension
of the water, Y, is the surface tension of the oil, Yo /w is the
surface tension on the boundary division of oil-watar.

As the o1l spreads, its composition becomes considerably
changed. As 1s known, oil is & complex crganic compound, contain-
ing unsaturated, aliphatic and aromstic hydrocarbons. When 1t
comes into contact with the water, the toxie substances, which in
oll are mainly arcmatic hydrocarbons, dissoclve, and the light
fractions of unsaturated hydrocarbons evaporate. The remaining
components are also changed: depending on the properties of the
uncderlying water (salinity, temperature, the presence of micro-
organisms and dissolved chemically active substances, and also
atmospheric conditions) they can undergo auto-oxidation, photo-~
chemlecal cxidetion (from the effect of ultraviolet solar radletion
in the range 2100-4000 A), blockemical cxidation (by ses micro-
cn (when corresponding dissolved

]
organisms) and polymerizati
the water). As a result of these pro-

catalysts are present in
cesses, and also due to the intense natural agitation of the
waves, after a certain time, an ~80% agueocus emulsion made up of
heavy fracticns, covered by a flaked-off resinous film,forms on

the surface of the water [13].

The appearance con the water surface of an oil layer changes
the tThermecdynamic equilibrium in that part snd causes the

ceeurrence ol a temperature contrast. The nasure of this contrast
P

ls quite complex and i1s determined by several factors.

First of all, the cil layer, preventing the formation of
capillary waves and suppressing high-frequency waves, to a con-

rable extent reduces the rate of evaporation from the water
surface, and this leads to z rise in temperature. On the other

hand, the surface of the water, covered by oll, has a higher
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1
reflection coefficient [8] and, according to Kirchhoff's™ law,
must have a lower radiating capacity. Hence, in the 10 um range,

W

the radiating capaclty of water e = 0.993, and on the boundary of
a

oil-water, e = 0.972 [9] and its diation temperature nmust be

rac
lower (in thggretical calculaticns 1t 1s approximately 1°C lower
[93) than the temperature of the surrounding water, Finally,
since in the system reviewed, the molecular mechanism of heat
exchange through the beundary limit has =z decisive valiue and
prevails over convective and turbulent mechanismz [97, one must
take into account that the thermal conductivity of oil and
petroleum products 1s less than that of water in approximately

the same amount. Taking these factors into consideration, it must

be expected that the temperature contrast must depend significantly

on the thickness of the ¢0il lZayer. The thermsl contrast between

polluted and clean expanses of reservoirs opens up possibilities

for using infrared images to trace the characteristics of polluted

areas.

Apart from the thermal ancmaly, pellution zresas have optleoal
features which can be used as & contrast for remote detection of
them. Bince these lsatures have significant selestivity, let us
ook at the optical rreperties of pure and polluted water in
varlous sections of the electromagneﬁic spectiun,

As 1s already known {61, i close ultraviclet and visible
ranges of the spectrum, water is transparent to solar rays. Its
true color is determined by the dispersion of light rEys Cn
melecules of water and small suspended perticles. The wavelength
of the maximum dispersed iight fluctuates considerably: feor pure
water in the ocean Agqx 0. = 870 nm and for pure coastsal water,

lIn fact, since an c¢il film 1s semi~transparent to heat rays, the
ratic for Kirchhoff's "“adiaLnng capaclty equal to one unit minus
the reflective capacity," prescribed for opaque bodies, must be
replaced by the MacMahon formula [9].

LE82
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550 nm. In thils regard, the purest occean water is of a dark-1light-
blue color, and the coastal asreas of seas and ccoans are normally
greenish., If, however, there is an estuary on the coast, the

color of water can ve red or brownish, depending on the polluted
waters discharged into it [19]. In naturazl conditions, the color
of water depends on the spectral compesition of radiation deflec~
ted from its surface and, in this way, tc a certain depree, takes

its color from the color of the SKY .

In close ultraviclet and visible ranges of the spectrum, the
n

S
refractive index of pure water is = 1.3 and, conseguently, the
Brewster angle equals 53°, that is, light, reflected at this
angle, is plane polarized. The general characteristic of the
spectral curve of reflection from the surface of pure water is
of an evenly decreasing charscter [67, with small maxima in the

maximum natural dispersion range (Fig. 1, a).

When an ¢il film with a thickness of not less than several
tenths of monco-layers falls cnto the surface of water, the coptical
oroperties of this system in the reviewed range of wavelengths
differs from the coptical properties of pure water [8]. As has
already been mentioned, there are light and heavy fractions in
the composition of ¢il. Research has shown [16] thst when there
are moderate lllumination densltles,caused by electron trarsitions,
the lighter fractions are absorted into the longwave band of
approximately 300 nm, and the heavier fractions, into the longer-~
wave band cf the specbrum -- 370 nm (Fig. 1, b). It is known
[11] that in certeain coenditions, the indicated electron transiticns
can cause flusrescence. Here, luninescenst spectra cf light znd
heavy fractlons are different. Light fractions flucresce at 360~
460 nm, and heavy frastions at 520 nm. When tke o0il layer is
iliuminated by & laser beam, which is characterized with its
extremely nlgh density of its monochromatic beam, electron trans-~
misslons are poussible, which correspond to a very high quantum

cutput of fluorescence [12].
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Flg. 1, cont'd: spectra of chlorophyl a (——) and ¢ (-—=);

d -~ spectra of reflection from the water surface; & - absorpticon
Spectrum of heavy fractions of oil; f - absorption spectrum of
chlorophyl; g - abscrption spectrum of the atmosphere at sea level.

Since the refractive index of o0il in the reviewed spectrum
range isn = 1.6 [lﬁ]and,consequently, higher than water,
then, firstliy, outside of the natural absorption bands, the oil
film, when beams fall on it at narrow angles, must reflect better
than water and, secondly, the Brewster angle in this case is 58°.

In this way, 1n ultraviolet and vigible ranges of the spectrum,
the oil film - water system has dispersion and reflection spectra
which differ from those of water (on account of the natural absorp—~ /69
tlon bands of cill); in certain conditions it can fluoresce and,

finally, have another Brewster angle.

In the close infrared range (up to 15 um, i.e. 660 cm”i) water
i1s a heavy absorber of beams, and its spectrum is characterized by
& serles of absorption bands, which could undergo baslc and over-~
tone fluctuation transitions. 7The reflection spectrum of water
(Fig. 1, &) has several bands, lying close to ifs absorption band.
It has been ascertained [12] that when salts contain ing anicn
6032“$ SOQZ- and Cl~ are present in concentraticns characteristic of
seawater, the rerlectlon spectrum does not change. If the concen-
trationg of these salts are abnormally high, additional bands in
the 1300-1000 cm -1 (?,T-lO um) appear in the spectrum. The
reflective power of a water surface in the close infrared range
does not exceed 4%, the refractive index (ocutside of the absorption
bands) is approximately 1.3, that is, the Brewster angle eguals

gpproximately 53°.

The absorption spectrum of oil in the range 1-15 um isg
characterized by a group of abscrption bands, which can undergo
fluctuating transitlons, belonging to various structural groups,

=3l



in one amount or another present in the composition of both 1ight
and heavy fractions (see ¥Fig. 1, e)}. The refractive index of oi

is higher than the refractive index of water and, consequentliy,

in the infrared range, one must expect higher values of reflection
coefficient from a surface covered by oil {outside of the natural
absorption bands of ©il) [8]. As calculation has shown [8], the
reflection during normal incidence, in this case, can be increased

by approximately 20%.

In this way, apart from the temperature contrast, in the

nfrared range of the spectrum, the differences in values of the
reflection coefficient and the pclarized characteristics (Brewster
angles) can be used s contrasts. It is convenient tc make & com-
parison of the reflection from the surface of water and the oil-
water with respect tc the transmission of the atmosphere (Fig. 1, g)
in the following ranges ¢f the spectrum (at low chbservation heights,
these ranges can be significantly enlarged): k800-4000 em™* (2.08~
2.5 ym), 2700-2500 om™b (3.75-% wm) and 1000 om" (10 um) .

As 1s known, the optical characteristics of phytoplankton are
c.cgely linked with the optlcal properties of chlorophyl, which is

complex, metallo-organic compound {11, In the visible range of

v
setren transition SG - 3%Y and 640-€80 rm (electron transition

- 7Y (Fig. 1, ¢). In cer

—-

Qri

a
the spectrum, chlorophyl absorbs at wavelengths of 420-460 rm (an
e
8

Q.

in itiong, the transition of

9]

0
ele
can be ambiguous and is characterized by diagrams shown in Fig. 2.

S Although the

E maximum of flucrescence,
- - S

—
oy
?..J

:ctrons can be fluoresced [11, when the flucrescence mechanisn

T__
ihvﬁw o i, as cen be seen from the
& £ . .
¢ . . diagrames, is situated
§— Yo

in both cases in the

Fig. 2. Diagrams of two stinulation 640-680 nm band in the
and luminescence mechanisms of chlorophyl.
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energy ratic, the first fluorescence mechanism is preferashle Cor
remofe indication, since it 1s characterized by a considerably
higher quantum output of flucrescence thanr in the second case.

In the close Infrared range of the spectrum, chlorophyl is trans-
parent. In the longer-wave renge absorption bands appear in the
spectrum, which can result in fluctuating transitions, belonging
to various structure groups (see Fig. 1, ). As can be seen,

the spectrum of chlorophyl in the infrared range is complex and
1t is difficult to use 1t for indlcation.

In this way, the chiorophyl-water system has the following
features: the phytoplankton changes (vecause of the natural
gbsorption bands at 420-460 nm, that is, in a range appreaching
the maximum of iight dispersion by water) the spectrum, leading
to & sharp quenching of the light-blue range and z shift of /

“3

L

maximum intenslity to a wavelength of ~550 nm, tha% is, into the
green range. Apart from this, under certain ccnditions, the
system can fluoresce with maximum radiation at 640~580 nm (in

the red range of the spectrum).

Examples of practical realization of remete methods of

spectral detection. At the present time, there is & considerable

number of works in whiech ars described:zttempts for practical

glizetion of methods for spectral, remcte detection of oil

re
spillages and colonies of phytoplanktorn [9-11, 15-i81. Sowe of
these are discussed in the review [2].

The majority of work published is based on the use of aerial
mezsurement data, although the first experiment In space indication
took place crboard the "Soyuz-9" manned spaceceraft [3]. In this
experiment spectral photometry of a number of natural formations
was carrled out, including water surfaces, by uslng a spectrograph
with a diffraction grating {a resolution of spproximately 5 nm),
operating in the 400-700 nm range. From a height of 250 km a
surface section with an area aof £ x (.45 kmz fell across the field

9



of vision of the instrument. The spectra obtained of the intensity
of light dispersed by water of lakes of the Mesopotamian lowland,
of southwest Afghanistan, and also of the Lral Sez & meximumi

of 550 nm was observed, which shows that vegetation was present

in this water (Flg. 3). Relatively higher values of the bright-
ness coefficient in the 400-500 nm range, in compariscn with values
of this coefficient at the level of the underlying surface, are
ilnked with the effect of atmospheric haze [3-57.

A G. Clarvke et al.

52 NS S
o {10] give reports on
Y :
ok ) %\\\‘:lx% ) research into the

TS ] )
surface of water con-

45 5500 606 A;m? taining phytoplankton,
T

by uzing an alrcraft

Fig. 3. Spectral brightness coefficients spectrograph, werking
of some reservolrs, cbtained from the

: 400-700
manned spacecraft "Soyuz-9": 1 — lakes in the 400-700 nm
of the Mescopotamlian lowland; 2 - lakes of longwave band and
scuthwest Afghanistan; 3 - the Aral sea.

having a resolution of

5=-7.5%5 nm. The instru-

ment had & field of vision of 3 % 0.5° and from & height of 300 m

covered an.srea of 16 x 2 mg. The authors only researched into
cattered by water [I1C0], using the polarization effect of

sclar radiation reflected from water. The surface of the water

was alligred at an angle of 529, i.e., at the Brewster angle. The

reflected radiation was plane polarized and was completely

ted by using nicol. A4s & result, only the companent scattered

2
by waber was recorded.

The spectra cbtained confirmed the expected effects of
quenching In the blue range (430 nm) and the shift of the intensity
maximum cof light scattered by water to 560 nm. Calibration of the

nstrument [10], carried out cn a gray Hodak screen, made it
poesible to evaluate the szens sitivity of the method: the instrument

140



gave a definite registration cf the presence of chlorcphyl in water
when its concentration exceeded 0.3 mg/m3.

D. Arvesen et al. [7} carried out remote indicaticn of phyto-
plankton from a height of 150 m, by measuring the radlation
(scattered and back-scattered) in the 380-1000 nm longwave band. /7L
The resolution of the spectrometer (due to its double monochromatiza~
tilon) was on the order of 1 nm. The spectra obtained contained a
distinct absorption band, characteristic of chicrophyl. Apart from
the spectrometer, they used a differential radiometer with r'ilters,
making it possible to compare the radiation intensity in the A =
= U443 nm wavelengths (the absorption band of ¢hlorophyl) and 525 nm
{outside of the chlorophyl absorption band). Comparison of data
obtained by using the differential radiometer,with data from the
direct measurement of chlorophyl content,showed there was =z linear
relation of radiometer readings to the logarithm of chlorcphyl
concentration. The presence of such g sensitive ccrrelatiocn made
it possible to trace continucusly the concentrations of chlorophyl
along the flight path in the concentration ranges from 0.03 to 10
mg/m3 and greater. Measurements with an infrared radiometer
(calibrated on an internal source -- & tungsten lemp with 2 halogen
filler) showed, 1n several instances, & definite negative correla-
tion between the chlorophyl ccncentration 1n the surface layer of

water and the temperature of that layer.

Apart Trom passive method fer scurnding phyteplankton, active
rethods are being developed, which depend less upon metecrological
cenditions and make it possible to make observations =zt any time of
the day. Hence, A. Measures [15], using the lumineszcence effect
of ¢hlorophyl, constructed an airecraft instrument based on a
powerful laser radiating at X = 650 nm. Although first measure-
ments showed the validity of this method, the sensitivity of the
instrument, was not high. Turther, some authors propose using
izser radiaticn with X = 420-440 nm, i.e., in the absorption range
pand of chicrophyl, the guantum fluorescence output of which is
considerably higher than for the 680 nm band.

11



Werks [9, 11, 13, 16~18] are devoted to the remote indication
of 0il spills on the surface of water. D, Millard [18], for
example, used the set of zireraft instruments described above to
do this. A certain amount of known types of oil was discharged
into the sea and cbservations were carried out during the first 3
days. Only 3 hours after the moment when the ¢ll had been dis-
charged, the thickness of its film on the surface of the water was
approximately 20 um. Measurement was done in the 380-950 nm long-
wave band, by using a spectroradlometer {with a resolution on the
ocrder cf 3-6 nm) and a differential radiometer. The field of
vision was approximately 10° when observations were carried out
in a vertically downwards directicn. Data obtained by the
spectroradiometer showed that when there was a2 large amcunt of
cloud, the o©il film was 70% brighter than the surface of the water /72
(comparison was carried out on a 400 nm wavelength). The authors
came to the conclusicn that in the vislble range of the spectrum,
the maximum contrast on the backgrcund of a clear water surfiace
1s given by lighter types of petroleum producis. Apart from
this, 1%t was noticed that the most favorabie observation conditions
take plzace when there is complete cloud cover (see below). The
spectral characterlstic of contrast is such that its maximum is
in the ultraviolet and red ranges of the gpectrum, the mininmum --

b

n the longwave band of maximum radiation scattered by water (450~
g0 nm).

Wi

Measurement with the differential radiometer was done in two
operaticns. 1. A fllter, with a radiotransiucency of approximately
A = 526 nm (the suggested fluorescence pezsk of heavy types of oil)
was placed in one of the channels, and cne with A = 7€ nm {(outside
of the fluorescence peck) was placed in the other. When flying

wag done over {he polilution areeg being investigated, the difference

in sigrals observed was 5%. A filter (for 3E0 nm) and a polarcid

were placed in each of the channels; in one channel, the polarold
2s oriented parallel to the Flight path (in the Sun's plane),

in the other, perpendicularly. The recorded difference in signals

12



during flights above the area of the oll film was approximately
25%. ]

On the basis of data cbtalned, the authors came to the
conclusion that the most promising method is the polarizaticn one,
and the method based on the effect of natural fluorescence,
apparently, is not of practical interest. However, works [11, 15]
showed that the fluorescence method can be used successfully, if

& powerful laser is used as an actlve locater. As was sald above,
laser radiation can cause the oeccurrence of new transitions with

very high quantum fluorescent output.

H. Gross and A. Daviz [11] reseasrched intc the luminescence
of various types of petrecleum products by using a helium—-cadmium
laser (of 50 mW power) with a reset wavelength. The authors
observed that the spectrum of fluorescence of varicus types of
oll and petrecleum products differed arnd dld not ccincide with
simlilar spectra, obtained when using nonlaser sources. Hence, one
0f the types of oll, when radlated by nonlaser sources, rluoresces
at 530 nm, and when there is laser stimulation, there s a strong

luminescence at 460 and 480 nn.

A. Measures et al. [15] attempted theoretically to substantisate
the laser-scunding method for semitransparent layers. They showed
that Lf & laser lcecator with a radiaticn power of Pl is at a
height of K, the luminescent flow 1n the A). range, reaching the
sensitive element of the instrument with a limiting aperture
radius &, is determined by the ratic

or _ CTOIEPET G
T " ‘

T
Pt

where C"{A) 1s the functicn of the film thickness, the nuclear
cross sectlons of fluocrescence, the dsnsities and coefficients
of abscrpticn of the film and the underlying surface, gT(A} is
the transmisslon factor of the intermediate mess of the atrosphere
annd the optical system of the instrument.

13



As can be seen from this formula, the "flucorescent methci™ is
preferable for thick fiims. The authors [15] showed that for Zhe
laser which they used (3471 ﬁ}, the power of luminescent radi
grew directly proportlonally to the increase of thickness of The
cli fiim from CG.1l to 10 um. However, when the thickness of oll
is greater than 10 u, saturation was observed, due to gbsorpii:cn
in the oil layer. It was notad that laser radiation with A =
3471 & causes the fluorescence of water, the nature of which Zz not /73
completely clear, but there is basis to believe that it is con-
nected with the effect of microorganisms. Tor this reason, it 1s
preferadblie to use a laser with A = 4000 ﬁ, when there is no
fluorescence of water and the contrast wvalue is great. Knowirg
the noise threshold of the system and taking into acccount fthax
st = 1JR2, the authors [15] determined, in their case, the optimun
height for sounding. It was 250 m (here, the requiremsnts for

zpeed of inspection of the glven area were taken into account..

In work {97 there is information on the use ¢f 2 thermal
detector, working in the 8-14 um range, standard azerial csmersz:
and swectyral video systems, for detectlng oil. The mest effertive
was tne tnermal deftector, which has & high space resolution ari
good sensitivity, is zslmple to manipulate and suitsble for uss 2%
any time of the day. Thermel contrasts of ¢il spills detected =y
this instrument show that the peripheral parts of the spills, like
fthe thinnest ones, are colder than the surrcunding water. Ths
highest temperatures were observed in the center cf the spiil
where the olil layer s at 1ts thickest and where reginous agglimerates

often accumulate.

“he use of aerlal cemers films, sensitive o various perss
cf' the spectrum, showed that in the 2800-4000 i range, the oil
film was quite centrasting to the background of water. Data :n
the relative contrast In the visible specbtrum band zre contra-
dictory. Thus, in work [16] the maximum contrast was observe:s
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for blue and red rays, but according to data by P. Chandler t9l,
the blue and red ranges, on the contrary, contained Little infor-
mation and the greatest contrast was cbserved in the violet range.
Finally, according to data by D. Munday and others [18], maximum
contrast for thick films was observed in the green range. ‘This
disparity ol results, apparently, is explained by the strong
relatien of contrast to the thickness of the oil film (which could
differ conslderably in sxperiments by different authors) and
observation conditions. The last fact, as was shown in a work

by D. Mlllard and D. Arvensen (17]), is very significant wnen
observing oil films. Proceeding from the general considerations,
the authors showed that the effects of polarization of incidence
and back-scattered radlation limit the optimum slghting angle of
the surface, which must be smaller than the Brewster angle. This
is especially important when using the polarization technique when
detecting pollution.

P. Chandler [9] tells how he used a microwave locator for
remote detection of oil spills, which operated in the 3 and 19.35
GHz frequencies. The experiments showed that, in the microwave
band, the film 1s always cnly observed as a positive thermal
contrast. Stating that this type of aective locator cculd work
in any weather conditions and at any time of the day, vhe author
alsc indicates the significant disadvantage of this method, which
is the low space resolution and the compléxity of proceszsing the
results,

Conclusion. Data reviewed sbove show that the probler of

b
remote detection of cil films and phytoplankton can be solved
principelly by using optical methods. The ur gent problems are
fird the most effective method for such measurements sznd the

.

1Tl

development of corresponding equipment, sultable fo
use. The filrst steps in this direction have already been vaken.

r operational
However, many zaspects of the preblem require further develcpment.
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In orcder to solve the problem for detecting oil spills,
careful laboratory research iz required, on the basis of which
a4 catalogue oI the optical properties of various types of oil
and petroleum products in varicus stages of change, to whizh they /T4
are subjected in natural conditions, could be made.

Search must be carried out into the stable correlaticns betweer
the thickness of an o0il layer, its compesition and optical contrast
In different lighting conditions and the state of the sea surface.
rere, attention must be paid to the effect of the intermediate
mase of the atmosphere. The mest important in this respect is
work cn determining the transfer function of the atmosphere L4, 5],

-,

which would make it possible to transform the spectral charac-
Ceristics obtained from space or 2t the level of the underlying

surface by high-flying aircrafs.

In order to sclve this problem, it is very important to
carry out simultanecus complex measurements In various regions
I the electromagnetic spectrum, the results ¢f which would
cemplement each other and also to carry out independent, direct
measurement of the investigated parameters. Carrying out these

ible, in the near future,

T4

reasures would undcubtedly make it poss
te develep effective, remote search methods and the charascteristics

of areas of polluted reservolrs.

type of method

L]

It must be stressed that the functioms of thi
ard equipment can be slgnificantly enlarged by using them for
detecting oil deposits (by the natural show of o0il on the surface

c¢f the sea}, and also for the search for shozlis of fish (in areas
where there 1g an increased concentration of phytoplankton).
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